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ABSTRACT 
 
 USING THE N-15 METHOD TO DETERMINE N-SOIL, N-GREEN 
MANURE,  AND N-UREA AVAILABILITY AFTER SIX SEASONS IN AN 
ALLEY CROPPING SYSTEM. Nitrogen (N) is the most important nutrient for crop 
growth and production. This study was conducted to determine whether in each of 
six seasons and after these seasons the N-soil, N-green manure, N-green manure + 
urea, and N-urea is still available for crops. Upland rice and corn were planted 
successively for six seasons. In each season upland rice and corn were planted and 
applied with N-fertilizers at rate of: control (0N), N1 (100% green manure), N2 (50% 
green manure + 50% urea), N3 (100% urea). N-15 labelled urea was added at each 
season to determine the A-value of the crops. 
In each seasons it was shown that crops used N-soil as well as N-fertilizer. With the 
increase of the availability of N-fertilizers the use of N-soil decrease and so could 
preserve N-soil. With preservation of N-soil it could be assumed that soil quality has 
increased. The N-15 method could be used to determine the availability at each 
fertilizer rate’s in each season and at the end of the sixth season. 
 
 
INTRODUCTION 
 
 According to SANCHEZ [1] arable rainfed upland soils in the humid tropics is 
dominated by acid soils of low inherent fertility known as Oxisols and Ultisols. In 
Indonesia, Ultisols, which are classified as Red Yellow Podzolic soils are estimated to 
cover 47.5 million ha or 24.9 percent of the total land area [2]. The major part of this 
available rainfed upland soils are characterized as acid soils with shallow crop root 
development, relatively coarse texture, low CEC (Cation Exchange Capacity), low 
organic matter (OM) content, and having 2000 to 3000 mm of annual rainfall [3]. 
MUELLER et al [4] and Vander KRUIJS et al [5] based on their measurement suggested 
that 150 to 25 kg ha-1 of soil nitrogen (kg N ha-1) may be lost each year from freshly 
cultivated soil in the acid humid tropic soils. 
Looking at their data [4 and 5] it could be concluded that this could lead to rapidly 
decrease of soil fertility especially concerning nitrogen. This could easily happen to 
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acid rainfed soils in Indonesia. In more general terms it could be expressed that this 
large lost of N will decrease the soil quality. 
HAVLIN et al [in 6] stated that many interrelated factors in a soil influence its 
productivity or potential capacity. These properties represent soil quality collectively. 
Although all these properties are important, but soil organic matter content is the most 
critical because of its influence in many biological, chemical and physical on soil 
productivity. 
One of the forms of soil deterioration which generally occur in Indonesia is the 
decrease of soil organic matter (SOM) resulting in inability of soil to aid crop 
productivity.  
STEVENSON [7] forwarded that plant cuttings, light OM, microorganism OM, water-
soluble OM, and humus or stable OM are all included SOM. Plant cuttings could be 
classified as light OM. 
Therefore, alley cropping or hedgerow inter-cropping system could provide OM and 
nutrient by applying the crop cuttings to the soil.  
Besides that the alley crop which root system could develop deeper than the main crop 
root system, could catch the nutrient lost from the main crop and recycle them by 
acting as a safety net [3]. Returning OM to mineral soil has several important advantage 
meanings related closely with fundamental items of sustainable agriculture. These 
advantages are increase of soil CEC, forming of stable soil aggregates, supplying energy 
for soil microorganism, increase water retention needed for crop growth [7 and 8]. 
Our study was conducted to provide information of the influence of alley crop cuttings 
to improve soil quality using the 15N method expressed as N-availability of soil, alley 
crop cuttings, and chemical fertilizers during and after six seasons. 
 
 
MATERIALS AND METHODS 
 
 The details of the three years (6 seasons) experiment is described below. 
Alley crop 
The alley crop used in this experiment was Gliricidia sepium, which has an N2-fixing 
capability about 57% [9]. The alley crop was two years old when the experiment 
started. At that time the alley crop had good growth, having a height of 2 to 2.5 m with 
normal branches and plant distance in the row 40 cm and between rows 10 m. No 
fertilizer were applied to the alley crop which had been grown from cuttings. 
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Figure 1. Diagram of the alley crop system done in this experiment 
 
Food crops 
Food crops used in this experiment was upland rice var. Danau Tempe (2 — 3 seeds / 
hole) and corn var. Arjuna (2 — 3 seeds / hole). The food crops were planted 
successively for six seasons (3 years). 
The planting of each crop in the 3 years is as follows. 
 
1st year 2nd year 3rd year 
Start of rainy End of rainy Start of rainy End of rainy Start of rainy End of rainy 
season season season season season season 
S1 : 1st season S2 : 2ndseason S3 : 3rdseason S4 : 4rdseason S5 : 5thseason S6 : 6thseason 
Upland rice Corn Upland rice Corn Upland rice Corn 
                   
The food crops were harvested at crop maturity, for upland rice it was around four 
months after planting (AP) and for corn it was three months AP. 
The food crops were planted in yield plots of 8m x 10m. In each yield plot an isotope 
plot of 2m x 1.6m was used to be applied by 15N-fertilizer.  
 
Treatments applied 
The treatment applied were, 
Code of  Treatments N-urea (kg N/ha) N-alley crop fresh cuttings (t/ha) 
N0 (control) 0 0
N1 0 15 (100%) equal to 56.4 kg N/ha 
N2 33.75 (50%) 7.5 (50%) equal to 28.2 kg N/ha 
N3 67.50 (100%) 0
  
Notes : 33.75 and 67.50 kg N/ha is equal to 75 and 150 kg urea/ha respectively. 
Food crops (upland rice, corn) 
Alley crop (G. sepium) 
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Urea was applied in two parts, 1/3 at planting and the rest of urea was applied 1 month 
after planting for both food crops. 
15N-labelled ammonium sulphate (AS) with a 10.12% 15N abundance was applied at a 
rate of 2.5 g AS/isotope plot at planting and 5 g AS/pot at the second application. The 
application of 15N was done simultaneously as the urea application in the yields plots. 
The soil of the land used in this experiment is Red Yellow Podzolic which physical and 
chemical properties is presented in Table 1.  
 
Table 1. Chemical and physical properties of soil at the experiment location, 
Batumarta, South Sumatera 
 
pH (H2O)                                            5.20 
      (KCl)                                             4.20 
P2O5 (Bray) ( ppm)                             15.20                              
N   (%)                  0.15     
C   (%)  1.92 
C/N    12.8 
CEC (me/100g)  
K 0.30 
Ca 1.70 
Mg 1.00 
Na 0.10 
Sand (%)  19.17 
Silt   (%)  43.15 
Clay (%) 37.68 
 
   
Experimental design 
The experimental design used is the Randomized Complete Block Design. Each 
treatment was replicated four times. 
The data was analysis using an ANOVA procedure.  
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RESULTS AND DISCUSSION 
 
Dry weight and total-N uptake 
 Perusal of the data presented in Table 2, showed that, application of nitrogen 
(N) either in the form of green manure 100% (N1), green manure 50% + urea 50% 
(N2), and urea 100% (N3) showed a steady increase in any weight above the control 
(N0).  
  
Table 2.  Dry weight and total N-uptake (N-to) of plants as influeced by application of 
green manure, green manure + urea, and urea in six successive seasons. 
  
Notes :  
- All the data are a mean of 4 replicates 
- N0, N1, N2, N3 : control (0N), 100% green manure, 50% green manure + 50% urea, 100% urea respectively 
- S1, S2, S3, S4, S5, S6 : 1st season to 6th season 
- S1, S3, S5 : plant — rice : grain + straw 
 S2, S4, S6 : plant — corn : grain + stover 
- ** = highly significant difference (P<0.01), * = significant difference (P<0.05) 
 ns = not significant difference 
 CV = Coefficient of Variance (%) 
 All the notes are valid for the next tables. 
   
  Plant dry weight N-total uptake 
  N0 N1 N2 N3 Ro-S N0 N1 N2 N3 Ro-S 
  t /ha kg N/ha 
S1 1,522  1,850     2,473    3,968   2,458  11,075 14,053  19,598  32,238  19,241  
S2     2,835      3,757     8,989  11,670   6,813    24,000  30,680  76,640    97,523    57,211  
S3     6,307     8,623    9,714   9,766  8,602   65,400   87,743  99,848  100,505    88,374  
S4 2,089 2,975 2,769 3,100 2,733 20,453 30,958 30,595   31,633   28,409  
S5     5,057  6,172    7,107    6,477  6,477   45,525   53,390  62,445   69,015   57,569  
S6    1,160     1,598  3,115    4,824   2,674   11,560   18,958  42,018   57,193   32,432  
Ro-N     3,162      4,163     5,694    6,477   -   29,652  39,297  55,190   64,684   -  
                      
 
F-calculated 
  
F-table 
    
F-calculated 
  
F-table 
    
     5% 1%      5% 1%   
N  80,148**    2,74   4,07    
 
63,147**    2,74   4,07    
S  140,613**    2,35   3,29     111,146**   2,35   3,29    
NxS  10,106**    1,81   2,31     6,162**    1,81   2,31    
Repl  0,386ns    2,74   4,07     0,887ns    2,74   4,07    
CV (%) 17.65          20.51       
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The increase of dry weight shown by the N application (N1, N2, N3) as presented in 
Table 2, showed that N is a main nutrient which is needed for plant growth, here 
expressed in dry weight. The season showed some contradiction between upland rice 
and corn. Upland rice showed an increase in dry weight since it first planting (S1) to S3 
and S5, with its peak in S3. The dry weight for upland rice from the lowest to the 
highest is S1 < S5 < S3. While for corn the highest dry weight was reach in its first 
planting (S2) than decrease in S4 and S6, showing values from the largest to the lowest 
S2 > S4 > S6. 
For upland rice and corn the increase in dry weight is apparently in line with the N 
applied for each season, as shown by data in Table 2 (interaction V x N). Here it is 
shown that for each season the highest dry weight was reach with the application of 
N3. Nevertheless the increase of N1 and N2 is also shown.  
The increase of dry weight for upland rice showed that there must be N residues from 
the previous season which will increase the N availability besides the fresh application 
of N making better growth showing an increase of dry weight after the first planting 
season. 
While for corn the highest dry weight was found in S2 after upland rice and showed a 
sharp decrease in S4 and S6. These findings in contradictive to the findings for upland 
rice. It could be that this is due to the seasons. As mentioned in Materials and Methods 
upland rice was planted at the beginning of the rainy season while at the end of the 
rainy season corn was planted. 
For S2 apparently the rainy season was quite long, resulting in high dry weight of corn, 
while in S4 and S6 the rainy season must be shorter, which was not enough for 
optimum growth. 
 The total N-uptake showed data which are all in line with the dry weight. As 
well known the total N-uptake is a result of dry weight multiplied by percentage of 
total N (dry weight x %N-total). So all the high or low dry weight will result in low or 
high total N-uptake. This is due to the %N-total of grain and upland rice is steady 
around 1% and of its stover around 0.6 to 0.7%. 
From all the data presented in Table 2 it could be forwarded that N has a significant 
influenced to increase the dry weight of rice and corn for each season.  
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Percentage of N-15, N-soil and N-fertilizer 
 The percentage of N-15, N-soil and N-fertilizer as presented in Table 3 will be 
shortened to %N-15, %N-soil, %N-fertilizer will be %N-N1, %N-N2, %N-N3. 
The most important data when using the N-15 technique, is the N-15 data itself and its 
interpretation. By using the N-15 data, the percentage of N-soil and N-fertilizer could 
be determined [9]. 
Looking at Table 3, it is shown that the percentage for the control (N0) where no N in 
either form of green manure or urea is applied, the %N-15 is the highest and then 
decrease from N1 towards N3 (N0 = 5.50% > N1 = 4.14% > N2 = 3.48% > N3 = 
2.91%).   
What do these data mean? It means that with the deminishing %N-15 is due to increase 
of N-available, in this case N-green manure (N1), N-green manure + urea (N2) and N-
urea (N3).  This showed that the N applied as green manure, green manure + urea and 
urea is made available for the food crops.  
For the season regardless, which crop is planted, the highest %N-15 was found in S1 
and decreased in S2, and from that point onward decrease drastically as shown by the 
data in Table 3 (S1 = 11.21% > S2 = 9.67% > S3 = 1.08% > S4 = 0.59% > S5 = 
0.85% > S6 = 0.66%). This is assumed due to the availability of N-sources soil and 
especially fertilizers increase onward from S1 to S6 which should have diluted the N-15 
up to small percentages. 
It could be perusaled too, that for the successive season the N-15 will decrease with the 
application of fertilizer at the rate of N1, N2 or N3. This is assumed as stated 
previously due to the increase of N-available from the fertilizer at the advange of the 
seasons.  
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Table 3. Percentage of N-15N, N-soil, N-fertilizer of plants as influenced by application of green manure, 
green manure + urea, urea, in six successive seasons 
 
  %15N %N-soil %N-fertilizer a) 
  N0 N1 N2 N3 Ro-S N0 N1 N2 N3 Ro-S N0 N1 N2 N3 Ro-S 
S1 16.06 11.74 9.54 7.49 11.21 83.94 62.16 50.32 38.80 58.80   26.11 40.14 53.71 39.99 
S2 12.17 9.69 8.72 8.08 9.67 87.83 61.64 59.74 55.41 66.15   28.70 31.55 36.52 32.25 
S3 1.91 1.10 0.94 0.36 1.08 98.09 59.33 54.80 21.74 58.49   39.57 44.27 77.90 53.91 
S4 0.81 0.64 0.48 0.41 0.59 99.19 74.16 57.52 49.35 70.05   25.21 42.01 50.25 39.15 
S5 1.16 0.98 0.62 0.66 0.85 98.84 85.71 53.29 57.82 73.91   13.31 46.10 41.52 33.64 
S6 0.90 0.70 0.56 0.49 0.66 99.11 76.76 60.97 53.30 72.53   22.55 38.47 46.22 35.74 
Ro-N 5.50 4.14 3.48 2.91   94.50 69.96 56.10 46.07     25.91 40.42 51.02   
                                
  F-calculated F-table   F-calculated F-table     F-calculated F-table 
      5% 1%       5% 1%        5% 1% 
N 800.856** 2.74 4.07   129.845** 2.74 4.07     33.480&& 2.74 4.07 
S 59.525** 2.35 3.29   8.936** 2.35 3.29     6.489** 2.35 3.29 
NxS 15.668** 1.81 2.31   2.920** 1.81 2.31     2.201* 1.81 2.31 
rep. 0.844ns 2.74 4.07   1.076ns 2.74 4.07     1.089ns 2.74 4.07 
CV 
(%) 17.65 13.54 27.29 
 
a) %N-fertilizer : N1 = 100% N-green manure, N2 = N-50% green manure + 50%  urea, N3 = N-100% urea 
respectively 
 
Availability and uptake of N-soil and N-fertilizer 
 As shown in Table 4, N-fertilizer expressed as N1, N2, N3, while without N 
addition is N0 (control). In Table 4 it is shown that N0, meaning N-soil available is 
much higher than N available of N1 and N2. But N3 gave the highest N-available. It is 
obvious with the amount of N applied by N1 and N2 is not high enough to provide 
more N-available compared to N3. While for the soil apparently the biomass gathered 
has build up quitte a high N in the soil so the N-soil available could reach large 
amounts. 
For the seasons it is clearly shown by Table 4, that in the first seasons (S1 and S2) the 
N-available was not as high as the following seasons (S3 to S6). Apparently with the 
passing of seasons the N available has build up to large N-available. This could be 
assumed large N-available found in S3 to S6 could be due to building up of the residues 
of N-applied. This residues added to the below ground biomass which was contributed 
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by the underground growth of the crops. The large N-availbale could also be 
considered as the increase of soil quality towards the better.  
Another interesting data is for N0. Here it could be observed, that with the passing of 
the seasons the N-soil available (N0 x S) increased and reach large amounts of N. As 
mentioned before, this could be due to the build up of the under ground growth of the 
crops for six seasons although no N-fertilizer was added. This too could be considered 
as the improvement of soil quality.  
Looking at the same Table, it is obvious whether no fertilizer (N0) or fertilizer applied 
would not influence the N-soil uptake by crops. This could mean that by application of 
fertilizer (N1, N2, N3) the N-soil could be preserve, and declining of N-soil which made 
the soil quality decrease could be prevented. 
The N-soil uptake for each season is different for different crops. Upland rice after S1, 
that is at S3 and S5 showed much higher the N-soil uptake than that of corn, which 
data were derived from S4 and S6. It could be that the upland rice had developed 
better root systems compared to corn. This made the chance of the upland roots to 
have more contact with the soil particles compared to corn. This is one of the reason 
why the N-soil uptake by upland rice is higher than that of corn. While corn is 
assumed to have not so extensive root growth is related to the season where this crop 
was grown. As mentioned before in S4 and S6 corn was grown after upland rice, that 
means toward the end of the rainy season. The dry season started earlier than that in 
S2, causing the decrease of soil-water available, which could have restricted root 
growth and resulting in lower N-soil uptake compared to upland rice.  
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CONCLUSION 
 
 The data obtained showed that nitrogen (N) whether applied in the form of 
alley crop cuttings (N1) , alley crop cuttings + urea (N2) or urea only (N3) has a 
significant influence to increase rice and corn growth for each season. For the 
successive seasons the %N-15 decreased with the application of fertilizers at the rate of 
N1, N2, N3. This is assumed caused by the dilution of N-15 applied by the fertilizers 
applied. Apparently the application of fertilizers could preserve the N-soil and this 
could be regarded as an increase of the soil quality.  
 The N-15 method was able to determine the availability of N-soil, N-N1, N-N2 
and N-N3 after six seasons and by this it could show whether there is an increase or 
decrease in soil quality. 
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